et al. (1956) recorded an intraruminal pressure of 86 mm.Hg in a cow with bloat.
The fundamental functional difference between the non-glandular rumen and reticulum of animals and the glandular stomach of man might be felt to exclude any close comparison between the condition in the two species, but if the source of the gas in ruminants is bacterial fermentation of sugars with gas production (Belscher, 1950) it is tempting to accept the view suggested by Ladkin and Davies (1948) to explain their case which followed a meal of African sweet potatoes. In general, however, bacterial fermentation can hardly be a factor in man, except perhaps in the presence of achlorhydria, but fermentation by enzymes or yeasts might occur within a large vegetable mass, protected by its bulk from the action of hydrochloric acid, even in the human stomach. The very high pressures and the alcoholic smell are in keeping with a fermentation process occurring in a closed space, as is the rapid recurrence of distension in an anesthetized patient in whom air swallowing could hardly occur. This raises the question of why the human stomach or the animal rumen should behave as a closed space. In both cases distal passage of gas may be prevented by the bulk of a heavy vegetable meal, although this did not appear to be true in the case described above, but in man, once distension is established, gastric peristalsis will cease and the pylorus probably go into spasm.
In a series of experiments on the human stomach at post-mortem, it was found that if the pylorus was ligatured and the stomach inflated through a needle connected to a hand pump and a manometer, gas escaped up the cesophagus as soon as the pressure in the stomach exceeded 40 mm.Hg. If, however, only a small incision was made in the abdominal wall, so that the relationship between stomach and parietes was not disturbed, and the intragastric pressure was raised rapidly, in several cases pressures of 240 mm.Hg (the limit of the manometer in use) were supported without leak up the cesophagus. Unfortunately, any attempt to enlarge the incision or to explore with the hand to discover the exact mechanism responsible led to immediate emptying of the stomach through the cesophagus, but it was thought that when the gastric fundus became distended with gas at a high pressure it might well displace the abdominal cesophagus and kink it against the right crus of the diaphragm, producing an occlusion increasingly secure as the pressure rose and very difficult to traverse with a stomach tube.
This does not, of course, explain the failure of the patient to expel the gas before these high pressures are reached. It is probable that in ruminants free gas bloat is preceded by frothy bloat (Fincher, 1956; Johns, 1956) , the froth being difficult to eructate and producing distension of a degree which prevents satisfactory contraction of the rumen in order to expel free gas when it develops. No evidence can be found that such a stage occurs in humans and no froth emerged from the stomach described above when incised at operation, but the stage of froth may well have been passed by the time the reported cases came under treatment. It is clearly probable, however, that the mechanism producing these remarkable degrees of gastric distension is fundamentally the same in man and animals and that the human condition may be clarified incidentally as understanding of the mechanism of bloat in the ruminants increases. It may be that only his gastric acidity and relatively modest vegetable diet prevent man from suffering commonly from bloat.
My thanks are due to Mr. W. J. Ferguson, under whose care the case described was admitted, for permission to report it; to Dr. Donald Teare for performing the post-mortem; and to Dr. A. Knudson for his valuable advice and suggestions.
Section of Comparative Medicine
Rumen distension has three main effects: it causes changes in salivation, changes in the eructation reflex and changes in respiration and blood pressure. We will first discuss salivation in some detail as we have recently studied the problem (Kay and Phillipson, 1957) . It has been suggested by Johns (1958) that an increased flow of saliva could be of considerable importance in the development of bloat. Not only does the mucoprotein of mixed ruminant saliva form a strong and stable foam but the saliva also contains about 100 mM./l. of carbon dioxide, much of which will be released to add to the foam when the pH of the saliva is reduced to that of the rumen contents. The volume of gas required to raise the rumen pressure by 10-mm.Hg steps decreases greatly as the rumen pressure is raised (Table I) , so that once slight bloat has developed the production of only a small additional volume of rumen gas could rapidly worsen the condition. (1958) found that inflation of the rumen of anesthetized sheep and calves to a moderate pressure often increases the flow of parotid saliva and that of the residual saliva dripping from the mouth. Inflation of the rumen to higher pressures inhibits this effect.
These responses varied from one preparation to another. We have pursued the problem further in order to define the excitatory and inhibitory components of the response and to find which salivary glands are affected. Sheep and calves under chloralose anesthesia were used. In the first experiments the cesophagus was tied in the neck and the rumen was inflated through a cannula. Inflation of the rumen to pressures below about 20 mm.Hg increased the flows of parotid and residual saliva up to tenfold, but had little effect on the scant submaxillary and sublingual secretions. Further increases in pressure progressively inhibited the responses, although they returned when the pressure was reduced again. Approximately equal quantities of parotid and residual saliva were secreted. The latter consisted of two components, a fluid saliva secreted by the serous inferior molar glands, and an extremely mucous saliva secreted by the small mucous glands that lie beneath the epithelium of the cheeks, palate and pharynx. It is known that parotid secretion can be increased in ruminants by distending the aeso-phagus, so the aesophagus and rumen were inflated independently after tying the oesophagus just above the cardia. Inflation of the oesophagus alone stimulated parotid secretion; inflation of the rumen alone inhibited this response. Similar responses were obtained when the (esophagus was distended with air, CO2, N2, 02, 0-9% saline solution, rumen liquor or balloons, so that the cesophageal receptors appear to response to the mechanical effects of distension rather than to any chemical stimulus. The use of balloons also showed that greater responses were obtained from the thoracic than from the cervical aesophagus.
Balloons were also used to distend various parts of the rumen. When these were inflated in the dorsal or ventral sacs of the rumen they usually but not always inhibited parotid secretion, but stretch of the reticulo-rumen fold was always stimulatory (Comline and Titchen, 1957) . Section of the cervical vagus nerve abolished excitatory responses from the aesophagus and rumen, while section of the vagus at the level of the diaphragm abolished a large part of the inhibitory effect of rumen distension.
Inflation of the abomasum had a slight inhibitory effect on parotid secretion in some preparations but not in others. This is similar to the weakly inhibitory effect of abomasal distension on eructation (Weiss, 1953) and contrasts with the strongly inhibitory effect on reticulum contractions (Phillipson, 1939) .
Eructation in ruminants takes place in three stages. Free rumen gas is moved to the antrum of the cardia by a contraction of the rumen, the cardia relaxes and admits gas into the aesophagus and the gas is eliminated by relaxation of the cranial cesophageal sphincter and contraction of the cesophagus (Dougherty and Meredith, 1955; Dougherty and Habel, 1955) . It is generally agreed that eructation is stimulated reflexly by distension of the rumen with gas. Weiss (1953) has suggested that the receptors for this lie in the posterior dorsal sac of the rumen, but Dougherty and his colleagues in Cornell have evidence that the region of the cardia is more important. Dougherty et al. (1958) stimulated eructation in decerebrate sheep by inflation of the rumen through a cannula. When the rumen contained digesta or water this response was inhibited by turning the preparation on to its back, but this did not inhibit when the rumen was empty. The inhibitory effect appeared to be due to submergence of the cardia under fluid. Eructation could also be stimulated or inhibited by inflating or flooding a small pouch made from the anterior part of the rumen and including the cardia. In earlier cinefluorographic studies (Dougherty and Meredith, 1955; Dougherty and Habel, 1955) the Cornell team had shown that the cranial oeso-7 375 phageal sphincter will relax when the cesophagus becomes distended with gas as in normal eructation, but not when it is distended with water.
Stomach movements and eructation continue during the early stages of bloat (Johns et al., 1957) . Dougherty et al. (1958) suggest that although eructation is attempted, its efficiency may be reduced, presumably because the cardia is covered by digesta and the oesophagus is filled with foam, and that this inefficiency will hasten the development of bloat.
The third effect of rumen distension is on respiration and blood pressure. The importance of respiratory changes is indicated in one of the few reports that describe the sequence of events in a fatal case of bloat; this concerned a cow that had eaten 29 lb. of fresh alfalfa tops ). An hour after the meal the animal was severely bloated and its respiration was laboured. Shortly afterwards it fell on one side and stopped breathing although its pulse continued for another four minutes. Inhibition of respiration was also demonstrated in experimental studies at Cornell on conscious sheep (Dougherty et al., 1955) . Brief periods of inflation of the rumen to pressures of 40-80 mm.Hg slowed or stopped respiration, with consequent reduction in oxygen consumption and arterial oxygen levels. Sharp increases and fluctuations of blood pressure also occurred. Similar changes in respiration and blood pressure have been found in anmsthetized sheep (Phillipson, 1958) .
In experiments on anmsthetized sheep we have found that during the early stages of rumen inflation there is a small stepwise increase of blood pressure with rumen pressure, but eventually apncea and violent fluctuations in blood pressure occur. The changes in blood pressure may be due to some extent to the obstruction of blood flow through the inferior vena cava, for during rumen inflation we have found the pressure in the abdominal vena cava to be little less than rumen pressure.
Speaking generally, it seems that two groups of responses are excited by distension of the rumen. Pressures of below 20-40 mm.Hg, corresponding to mild bloat, may stimulate salivary secretion as a result of aesophageal distension, stimulate eructation and cause slight increases in blood pressure. Higher pressures, corresponding to severe bloat, inhibit salivation and eructation and eventually inhibit respiration. Although little work has been done so far on the respiratory and pressor effects of rumen distension enough is known to suggest that such effects could account for the terminal stages of bloat and for the death of the animal. Hence there is no need at present to postulate systemic poisoning by plant saponins or other toxic substances. The fact that bloat can be relieved by the timely administration of antifoaming agents also argues strongly against the involvement of any toxic factor. Cambridge BLOAT is a disorder in ruminants common in all parts of the world where the grazing of legumes is practised. In New Zealand where the legume is depended upon to supply the total nitrogen required by the pasture, and where the pasture often becomes clover-dominant, it is particularly widespread. One of the main difficulties in research with bloat has been the sporadic nature of its occurrence. Johns (1954) initiated the use of identical twin cows chosen for their susceptibility or resistance to bloat and by stall feeding these animals on fresh red clover, bloat could be regu-larly produced in the spring and autumn. Preliminary studies indicated that the ailment was caused by foaming of the rumen ingesta whereby fermentation gases were retained as a stable foam which could not be eliminated by the belching mechanism. A number of antifoaming agents were found to prevent bloat or to relieve the condition after the animal was bloated. Rumen movements and the eructation mechanism were not inhibited during the early stages of bloat.
The "tympanograph", an adaptation of the corrugated rubber tube stethograph, was devel-
